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that is adjacent to the first region. The compensating wiring is connected to the switching device. The compensating wiring faces 

Q the reflective electrode in the second region with an insulation layer interposed therebetween. Thus, both of a reflectivity of the 

^ reflective electrode and a transmissivity of the transmissive electrode are enhanced simultaneously, while the liquid crystal display 
apparatus maintains a uniform cell gap. 
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ARRAY SUBSTRATE, LIQUID CRYSTAL DISPLAY APPARATUS 
HAVING THE SAME AND METHOD FOR DRIVING LIQUID CRYSTAL 

DISPLAY APPARATUS 

5 Technical Field 

The present invention relates to an array substrate, a liquid crystal display 
apparatus haviag the array substrate and a method for driving the liquid crystal 
display apparatus, and more particularly to an array substrate for enhancing light 
using efficiency and productivity, a liquid crystal display apparatus having the array 
10 substrate and a method for driving the liquid crystal display apparatus. 

Background Art 

The liquid crystal display apparatus includes a reflective type liquid crystal 
display apparatus and a transmissive type liquid crystal display apparatus. The 

15 reflective type liquid crystal display apparatus uses an external Ught (hereinafter, 
referred to as first light) so as to display an image. The transmissive type liquid 
crystal display apparatus includes a li^t source for generating an internal light 
(hereinafter, referred to as second light) so as to display an image. Recently, a 
transmissive and reflective type liquid crystal display apparatus has been developed. 

20 The transmissvie and reflective type liquid crystal display apparatus has merits of 
both of the transmisive type and reflective type, such as high quality of image, low 
power consumption, etc. 

The transmissive and reflective type liquid crystal display apparatus uses the 
first light (or extemal light) when the extemal light is sufficient, and uses the second 

25 light generated from the light source when the extemal light is not sufficient. 

The transmissive and reflective type liquid crystal display apparatus includes 
an array substrate, a color filter substrate and a liquid crystal layer. The color filter 
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substrate faces the array substrate. The liquid crystal display apparatus is 
interposed between the color filter substrate and the array substrate. 

The array substrate of a liquid crystal display apparatus includes a plurality 
of unit pixels arranged in a matrix shape. Each of flie unit pixels includes data line, 
5 gate line and a thin film transistor. The gate line is substantially perpendicular to 
the data line. The thin film transistor is disposed in a region defined by the data 
line and the gate line. The thin film transistor is electrically connected to the data 
line and the gate line. A transmissive electrode and a reflective electrode are 
electrically connected to the thin film transistor. The transmissive electrode is 
10 transparent and electrically conductive. The reflective electrode has a high 
reflectance. Regions on the tranmissive electrode include a reflection region and a 
transmission region. The reflective electrode is only formed in the reflection 
region. 

An insulation layer is interposed between the thin film transistor and the 
15 transmissive electrode so as to electrically coimect the transmissive electrode only to 
a drain electrode of the thin film transistor. In detail, the insulation layer includes a 
contact hole. The transmissive electrode and the drain electrode are electrically 
connected to each other via the contact hole. 

Thus, when a data voltage and a driving voltage are applied to the data line 
20 and the gate line respectively, the thin film transistor operates in response to the data 
voltage and the driving voltage, so that the data voltage and the driving voltage are 
applied to the transmissive electrode and the reflective electrode via the thin film 
transistor. 

Generally, in the transmissive and reflective lype liquid crystal display 
25 apparatus, a cell gap of the reflection region is different firom a cell gap of the 
transmission region. That is, the cell gap of the reflection region is a half of tiie 
cell gap of the transmission region so as to enhance a display quality. 
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A thickness of the insulation layer is modulated so as to form the different 
cell gaps according to a region. 

However, modulating the cell gap is difficult, so uniformity of the cell gap is 
deteriorated and a productivity of a liquid crystal display apparatus is lowered. 

5 

Disclosure of the Invention 

The present invention provides an array substrate for enhancing display 
quality and productivity. 

The present invention also provides a liquid crystal display apparatus having 
10 the array substrate. 

The present invention also provides a method of driving the liquid crystal 
display apparatus. 

According to one aspect of the array substrate, the array substrate includes a 
gate line, a data line, a switching device, a transmissive electrode, a reflective 

15 electrode and a compensating wiring. The data line crosses the gate line to define a 
pixel region that includes first and second regions. The switching device is 
electrically connected to the gate line and the data line. The transmissive electrode 
is electrically coimected to the switching device. The transmissive electrode is 
formed in the first region. The reflective electrode is electrically insulated firom the 

20 transmissive electrode. The reflective electrode is formed in the second region that 
is adjacent to the first region. The compensating wiring is electrically connected to 
the switching device. The compensating wiring faces the reflective electrode in the 
second region with an insulation layer interposed between the compensating wiring 
and the reflective electrode. 

25 According to another aspect of the array substrate, the array substrate 

includes a first gate Kne, a second gate line, a data line, a first switching device, a 
second switching device, a transmissive electrode, a reflective electrode and a 
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compensating wiring. The second gate line is electrically insulated from the first 
gate line. The data line crosses the first and second gate lines to define a pixel 
region that includes first and second regions. The first switching device is 
electrically coxmected to the first gate line and the data line. The second switching 
5 device is electrically connected to the second gate line. The transrtiissive electrode 
formed in the first region is electrically connected to the second switching device. 
The reflective electrode is electrically insulated from the transmissive electrode. 
The reflective electrode is formed in the second region tiiat is adjacent to the first 
region. The compensating wiring is electrically connected to the first switching 

10 device. The compensating wiring faces the reflective electrode and the 
transmissive electrode with an insulation layer interposed therebetween. 

According to one aspect of the liquid crystal display apparatus, the liquid 
crystal display apparatus includes first and second substrates, and a liquid crystal 
layer interposed between the first and second substrates; The first substrate 

15 includes a gate line, a data line, a switching device, a transmissive electrode, a 
reflective electrode and a compensating wiring. The data line crosses the gate line 
to define a pixel region that includes first and second regions. The switching 
device is electrically connected to the gate line and the data line. The transmissive 
electrode formed in the first region is electrically connected to the switching device. 

20 The reflective electrode is electrically insulated from the transmissive electrode. 
The reflective electrode is formed in the second region that is adjacent to the first 
region. The compensating wiring is electrically connected to the switching device. 
The compensating wiring faces the reflective electrode in the second region while an 
insulation layer is interposed between the compensating wiring and the reflective 

25 electrode. The second substrate includes a common electrode that faces the 
transmissive- electrode and the reflective electrode. The liquid crystal layer is 
interposed between the first and second substrates. 
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According to another aspect of the liquid crystal display apparatus, the liquid 
crystal display apparatus includes first and second substrates, and liquid crystal layer. 
The first substrate includes a first gate line, a second gate line, a data line, a first 
switching device, a second switching device, a transmissive electrode, a reflective 
5 electrode and a compensating wiring. The second gate line is electrically insulated 
firom the first gate line. The data line crosses the first and second gate lines to 
define a pixel region tibiat iacludes first and second regions. The first switching 
device is electrically connected to the first gate line and the data liae. The second 
switching device is electrically connected to the second gate line. The transmissive 
10 electrode formed in the first region is electrically connected to the second switching 
device. The reflective electrode is electrically insulated firom the transmissive 
electrode. The reflective electrode is formed in tihie second region that is adjacent 
to the first region. The compensating wiring is electrically coimected to the first 
switching device. The compCTisating wiring faces the reflective electrode and the. 
15 transmissive electrode while an insulation layer is interposed between the 
compensating wiring and the reflective electrode and between the compensating 
wiring and the transmissive electrode. The second substrate includes a common 
electrode that faces *^the transmissive electrode and the reflective electrode. The 
liquid crystal layer is interposed between the first and second substrates. 
20 According to another aspect of the liquid crystal display apparatus, the liquid 

crystal display apparatus includes first and second substrate, and a liquid crystal 
layer. The first substrate iacludes first and second switching devices, a 
transmissive electrode and a reflective electrode. The first switching device is 
electrically connected to a data line and a gate line. The second switching device is 
25 electrically coimected to the first switching device. The transmissive electrode and 
' the reflective electrode are electrically coimected to the first and second switching 
devices respectively or reverse. The second substrate includes a common electrode 
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that faces the first and second electrodes. The liquid crystal layer is interposed 
between the first and second substrates. 

According to another aspect of the liquid crystal display apparatus, the liquid 
crystal display apparatus includes first and second substrates, and a liquid crystal 

5 layer. The first substrate includes a switching device that is electrically connected 
to a data line and a gate line, a transnoissive electrode that is electrically connected 
to the switching device, a reflective electrode that is electrically coimected to the 
switching device, and a naetal wiring facing the reflective electrode with an 
insulation layer interposed between the metal wiring and the reflective electrode. 

10 The second substrate includes a common electrode facing the transmissive electrode 
and the reflective electrode. The liquid crystal layer is interposed between the first 
and second substrates. 

According to another aspect of the liquid crystal display apparatus, the liquid 
crystal display apparatus includes first and second substrates, and a liquid crystal 

15 layer. The first substrate includes a pixel region having a switching device and a 
plurality of pixel electrodes electrically coimected to the switching device. The 
second substrate includes a plurality of common electrodes. Each of the common 
electrodes corresponds to each of the pixel electrodes. The liquid crystal layer is 
interposed between the first and second substrates. 

20 According to one aspect of the method of driving the liquid crystal display 

apparatus, a gate voltage is applied to a gate line. A data voltage provided from a 
data line is outputted in response to the gate voltage. The data voltage is applied to 
a transmissive electrode as a transmissive voltage. A reflective voltage generated 
from the data voltage is applied to a reflective electrode. The reflective voltage is 

25 lower than the data voltage. Then, a reference voltage is applied to a common 
electrode tiiat faces the reflective electrode and the tranismissive electrode. 

According to another aspect of the metiiod of driving the liquid crystal 
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display apparatus, A first gate voltage is applied to a first gate line. A first data 
voltage that is provided firom a data line is outputted in response to the first gate 
voltage. A transmissive voltage generated firom the first data voltage is applied to a 
transmissive electrode. The transmissive voltage is higher than the first data 

5 voltage. A reflective voltage generated fi-om the first data voltage is applied to a 
reflective electrode. The reflective voltage is lower than the first data voltage. 
Then, a reference voltage is applied to a common electrode that faces the reflective 
electrode and the transmissive electrode. 

Thus, both of a reflectivily of the reflective electrode and a trausmissivity of 

10 the transmissive electrode are enhanced simultaneously while the liquid crystal 
display apparatus maintains a uniform cell gap. 

Brief Description of the Drawings 

The above and other advantages of the present invention will become readily 
15 apparent by reference to the following detailed description when considered in 
conjunction with the accompanying drawings wherein: 

FIG. 1 is a schematic view showing a liquid crystal display apparatus 
according to a first exemplary embodiment of the present invention; 

FIG. 2 is a cross-sectional view showing the liquid crystal display q)paratus 
20 of FIG. 1; 

FIG. 3 is a layout showing a unit pixel of the liquid crystal display apparatus 
of FIG. 1; 

FIG 4 is an equivalent circuit diagram of the unit pixel of FIG. 3; 
FIG. 5 is a graph showmg transnaissivity and reflectivity according to a 
25 voltage applied to a transntiissive electrode and a reflective electrode; 

FIG. 6 is a cross-sectional- view showing a liquid crystal display apparatus 
according to a second exemplary embodiment of the present invention; 
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FIG 7 is a layout showing a unit pixel of tibie liquid crystal display apparatus 
of FIG. 6; 

FIG 8 is an equivalent circuit diagram of the unit pixel of FIG. 7; 
FIG. 9 is a cross-sectional view showing a liquid crystal display apparatus 
5 according to a third exemplary embodiment of the present invention; 

FIG. 10 is a schematic plan view showing an array substrate of FIG. 9; 
FIG. 1 1 is a schematic plan view showing a color filter substrate of FIG. 9; 
FIG. 12 is a cross-sectional view showing a liquid crystal display apparatus 
according to a fourth exemplary embodiment of the present invention; 
10 FIG. 13 is a schematic plan view showing an array substrate of FIG. 12; 

FIG. 14 is an equivalent circuit diagram of the unit pixel of FIG. 12; 
FIG. 15 is a plan view showing an array substrate according to a fifth 
exemplary embodiment of the present invention; 

FIG. 16 is a cross-sectional view showing a liquid crystal display apparatus 
15 according to a sixth exemplary embodiment of the present invention; 

FIG. 17 is a layout showing a portion of an array substrate of FIG. 16; 
FIG. 18 is an equivalent circuit diagram of a unit pixel of FIG. 17; 
FIG. 19 is a layout showing an array substrate of a liquid crystal display 
apparatus according to a seventh exemplary embodiment of the present invention; 
20 FIG. 20 is an equivalent circuit diagram showing a unit pixel of the liquid 

crystal display apparatus; 

FIG. 21 is a layout showing an array substrate of a liquid crystal display 
apparatus according to an eighth exemplary embodiment of the present invention; 

FIG. 22 is an equivalent circuit diagram showing a unit pixel of the liquid 
25 crystal display apparatus of FIG. 2 1 ; and 

FIG. 23 is a wave pattern of FIG. 22. 
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Best Mode For Carr3ing Out the Inventioii 

Hereinafter the preferred embodiment of the present invention will be 
described in detail with reference to the accompanying drawings. 

Hmhodiment 1 

FIG. 1 is a schematic view showing a liquid crystal display apparatus 
according to a first exemplary embodiment of the present invention, and FIG. 2 is a 
cross-sectional view showing the liquid crystal display apparatus of FIG. 1. 

Referring to FIGS. 1 and 2, a liquid crystal display apparatus 400 according 
to a first exemplary embodiment of the present invention includes an array substrate 
100, a color filter substrate 200 and a liquid crystal layer 300. The color filter 
substrate 200 faces the array substrate 100. The liquid crystal layer 300 is 
interposed between the array substrate 100 and the color filter substrate 200. 

The array substrate 100 includes a plurality of pixels. The pixels are 
formed on a first substrate 110 such that the pixels are arranged in a matrix shape. 
Each of the pixels includes a data line DL and a gate line GL. The data line DL 
extends in a first direction, and the gate line GL extends in a second direction that is 
substantially perpendicular to the first direction. The array substrate 100 further 
includes a first thin film transistor 120 and a second thin film transistor 130. The 
first thin film transistor 120 is disposed in a region defined by the data line DL and 
the gate line GL. The first thin film transistor 120 is electrically coimected to the 
data line DL and the gate line GL. The second thin film transistor 130 is 
electrically connected to the first thin film transistor 120 and the gate line GL. The 
first thin film transistor 120 is electrically connected to a transmissive electrode 150 
comprising a material that is transparent and electrically conductive. The second 
thin film transistor 130 is electrically connected to a reflective electrode- 160 that has 
high reflectance. 
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In detail, the &st thin fihn transistor 120 includes a first source electrode 
123, a first gate electrode 121 and a first drain electrode 125, The first source 
electrode 123 is electrically comiected to the data line DL. The first gate electrode 
121 is electrically connected to the gate line GL. The first drain electrode is 
5 electrically connected to the transmissive electrode 150. The second thin film 
transistor 130 includes a second source electrode 133, a second gate electrode 131 
and a second drain electrode 135. The second source electrode 133 is electrically 
connected to the first drain electrode 125. The second gate electrode 131 is 
electrically connected to tiie gate line GL. The second drain electrode 135 is 
10 electrically connected to the reflective electrode 160. 

An insulation layer 140 is interposed between the first thin film transistor 
120 and the transmissive electrode 150. The insulation layer 140 is interposed also 
between the second thin film transistor 130 and the reflective electrode 160. 

The transmissive electrode 150 is electrically coimected to the first drain 
15 electrode 125, and the reflective electrode 160 is electrically connected to the second 
drain electrode 135 due to the insulation layer 140. In detail, the insulation layer 
140 includes first and second contact holes 141 and 143. The first and second 
drain electrodes 125 and 135 are e?qposed via the first and second contact holes 141 
and 143 respectively. Thus, the transmissive electrode 150 is electrically 
20 connected to the first drain electrode 125 via the first contact hole 141, and the 
reflective electrode 160 is electrically connected to the second drain electrode 135 
via the second contact hole 143. 

The transmissive electrode 150 and the reflective electrode 160 are 
electrically connected to each other via the second thin film transistor 130. 
25 A region where the transnussive electrode 150 is formed corresponds to a 

-transmissive region, -and a region where the reflective electrode 160 is formed 
corresponds to a reflection region. 
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The color filtCT substrate 200 includes a color filter layer 220 and a conunon 
electrode 230. The color filter layer 220 includes a red-color filter, a green-color 
filter and a blue color filter. The color filter layer 220 is formed on a second 
substrate 210. The conunon electrode 230 is formed on the color filter layer 220. 

5 The common electrode 230 comprises a material that is transparent and electrically 
conductive. The liquid crystal layer 300 is interposed between the array substrate 
100 and the color filter substrate 200. 

Thus, the first thin film transistor 120 is electrically coimected to a first 
liquid crystal capacitor Clcl defined by the transmissive electrode 150, the liquid 

10 CTystal layer 300 and the common electrode 230. The second thin film transistor 
130 is electrically coimected to a second liquid crystal capacitor Clc2 defined by the 
reflective electrode 160, the liquid crystal layer 300 and the conoumon electrode 230. 

FIG. 3 is a layout showing a unit pixel of the liquid crystal display apparatus 
of FIG. 1, and FIG 4 is an equivalent circuit diagram of Ihe unit pixel of FIG. 3. 

15 Referring to FIGS. 3 and 4, a xmit pixel includes m-th data line DLm 

extending in a first direction, and an n-th gate line GLn extending in a second 
direction that is substantially perpendicular to the first direction. A first thin film 
transistor 120 is formed in a region defined by (m-l)"th and m-th data lines 
DLm-1 and DLm, and (n-l)-fh and n-th gate lines GLn-1 and GLn. 

20 The fiorst thin film transistor 120 includes a first source electrode 123 that is 

electrically connected to the m-th data line DLm, a first gate electrode 121 that is 
electrically connected to the n-th gate line GLn, and a first drain electrode 125 that 
is electrically coimected to a transmissive electrode 150. The transmissive 
electrode 150 faces a common electrode (not shown) of a color filter substrate with a 

25 liquid crystal layer interposed between the transmissive electrode 150 and the 
common electrode; so that a iSrst liquid crystal capacitor Glcl is formed; -The 
transmissive electrode 150 also overlaps the (n-l)-tii gate line GLn-1 with an 
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insulation layer (not shown) interposed between the transmissive electrode 150 and 
the (n-l)-th gate line GLn-1, so that a first storage capacitor Cstl that is electrically 
cotmected to the first liquid crystal capacitor Clcl in parallel is formed. 

A second thin film transistor 130 is also formed in the region defined by 
5 (m-l)-th and m-th data line DLm-1 and DLm, and (n-l)-th and n-th gate line GLn-1 
and GLn. 

The second thin film transistor 130 includes a second source electrode 133 
that is electrically connected to the first drain electrode 125, a second gate electrode 
131 that is electrically coimected to the n-th gate line GLn, and a second drain 

10 electrode 135 that is electrically connected to a reflective electrode 160. The 
reflective electrode 160 faces the common electrode while the liquid crystal layer is 
interposed between the reflective electrode 160 and the common electrode, so that a 
second liquid crystal capacitor Clc2 is formed. The reflective electrode 160 also 
overlaps the (n-l)-th gate line GLn-1 with the insulation layer (not shown) 

15 interposed between the reflective electrode 160 and the the (n-l)-tili gate line GLn-1, 
so that a second storage capacitor Cst2 that is electrically coimected to the second 
liquid crystal capacitor Clc2 in parallel is formed. 

FIG. S is a graph showing a transmissivity and a reflectivity according to a 
voltage applied to transmissive and reflective electrode. X-axis of the graph 

20 corresponds to transmissivity and reflectivity (%), and Y-axis corresponds to a 
voltage that is applied to a transmissive electrode and a reflective electrode. A 
solid line Gl corresponds to the transmissivity, and a dotted line G2 corresponds to 
the reflectivity. 

Referring to FIG. 5, in a transmission region, when about 4.2V voltage is 
25 applied to the transmissive electrode, the transmissivity is saturated to maximum 
- value-that is about 40%. In a reflection region, when about 2.6V voltage is applied 
to the reflective electrode, the reflectivity corresponds to a maximum value that is 
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about 38%. 

As shown in FIG. 5, a voltage corresponding to the maximum reflectivity 
and a voltage corresponding to the maximum transmissivily are different from each 
other. Thus, different voltages are applied to the transmissive electrode and the 

5 reflective electrode so as to enhance the transmissivity and reflectivity. That is, 
about 4.2V voltage is applied to the transmissive electrode, and about 2.6V voltage 
is applied to the reflective electrode so as to enhance light using efficiency. 

Referring again to FIGS. 3 and 4, a data voltage that is applied to the m-th 
data line DLm is transferred to the first drain electrode 125 of the first thin filni 

10 transistor 120 in response to a driving signal tiiat is applied to the n-th gate line GLn. 
The data voltage is dropped due to an internal resistance of the first thin film 
transistor 120, and the dropped data voltage is applied to the first drain electrode 12S. 
The dropped data voltage (hereinafter, referred to as first data voltage) is applied to 
both of the transmissive electrode 150 that is electrically connected to the first drain 

15 electrode, and the second source electrode 133 of flie second thin film transistor 130, 
The first data voltage is transferred from the second source electrode 133 to the 
second drain electrode 135 in response to the driving signal. However, the first 
data voltage is dropped again due to an internal resistance of the second thin film 
transistor 130 to be a second data voltage. . Then, the second data voltage is applied 

20 to the reflective electrode 160 that is electrically coimected to the second drain 
electrode 135. 

Thus, even when one data voltage is applied to m-th data line DLm, different 
voltages are applied to the transmissive electrode 150 and the reflective electrode 
160. Further, the intemal resistance of the second thin filtn transistor 130 may be 
25 modulated so as to optimize the second data voltage. As a result, both of the 
• transmissivity and - the reflectivity ^e maximized to -enhance the light- using 
efficiency of the liquid crystal display device 400. 
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In the present embodiment, the transmissive electrode 150 and the reflective 
electrode 160 overlap with (n-l)-th gate line GLn-1 to form the first and second 
storage capacitors Cstl and Cst2. 

However, a separate wiring that is overlapped with the transmissive 
5 electrode 150 and the reflective electrode 160 may be formed so as to form the first 
and second storage capacitors Cstl and Cst2. 

Embodiment 2 

FIG. 6 is a cross-sectional view showing a liquid crystal display apparatus 

10 according to a second exemplary embodiment of the present invention. 

Referring to FIG. 6, a liquid crystal display apparatus 600 according to a 
second exemplary embodiment of the present invention includes an array substrate 
500, a color filter substrate 200 and a liquid crystal layer 300. The color filter 
substrate 200 faces the array substrate 500. The liquid crystal layer 300 is 

15 interposed between the array substrate 500 and the color filter substrate 200. 

The array substrate 500 includes a plurality of pixels. The pixels are 
formed on a first substrate 510 such that the pixels are arranged in a matrix shape. 
Bach of the pixels includes a data liue (not shown) and a gate line (not shown). 
The data line extends in a first direction, and the gate line extends in a second 

20 direction that is substantially perpendicular to the first direction. The array 
substrate 500 further includes a thin film transistor 520. The thin film transistor 
520 is disposed in a region defined by the data line and the gate line. The thin fihn 
transistor 520 is electrically connected to the data line and the gate line. The thin 
film transistor 520 includes a source electrode 523 that is electrically connected to 

25 the data line, a gate electrode 521 that is electrically connected to the gate line, and a 
diain electrode 525 that- is electrically connected to both of a transmissive electrode 
540 and a reflective electrode 550. 
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An insulation layer 530 is interposed between the thin film transistor 520 
and the transmissive electrode 540 so as to electrically connect the transmissive 
electrode 540 only to the drain electrode 525 of the thin film transistor 520. The 
insulation layer 530 includes a contact hole 531, so that tibie transmissive electrode 

5 540 is electrically connected to the drain electrode 525 via the contact hole 53 1 . 

The reflective electrode 550 overlaps with the transmissive electrode 540 
partially. That is, a portion of the reflective electrode 550 is formed on the 
transmissive electrode 540. Thus, the reflective electrode 550 is electrically 
connected to the transmissive electrode 540. 

10 The reflective electrode 550 faces a sub wiring 527. The sub wiring 527 

protrudes from the gate line, so that the sub wiring 527 is formed on a same layer as 
the gate electrode 521. 

The color filter substrate 200 includes a color filter layer 220 and a common 
electrode 230. The color filter layer 220 includes a red-color filter, a green color 

15 filter and a blue-color filter. The common electrode 230 is formed on the color 
filter layer 220. The common electrode 230 is transparait and electrically 
conductive. The liquid crystal layer 300 is interposed between the array substrate 
500 and the color filter substrate 200. 

Thus, the transmissive electrode 540, a liquid crystal layer 300 and tlie 

20 common electrode 230 define a first liquid crystal capacitor Clcl, and the reflective 
electrode 550, a liquid CTystal layer 300 and the common electrode 230 define a 
second liquid crystal capacitor Clc2. The first and second liquid crystal capacitors 
Clcl and Clc2 are electrically connected with each other in parallel. The first and 
second liquid crystal capacitors Clcl and Clc2 are electrically connected to the thin 

25 film transistor 520. Further, the second liquid crystal capacitor Clc2 is electrically 
- - connected in parallel to SL-sub capacitor Gs that is formed by the reflective electrode* 
550, the insulation layer 530 and the sub wiring 527. 
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FIG 7 is a layout showing a unit pixel of the liquid crystal display apparatus 
of FIG. 6, and FIG 8 is an equivalent circuit diagram of the unit pixel of FIG. 7. 

Referring to FIGS. 7 and 8, a unit pixel includes an m-fh data line DLm 
extending in a fibrst direction, and an n-th gate line GLn extending in a second 
5 direction that is substantially perpendicular to the first direction. 

A thin film transistor 520 is formed in a region that is defined by (m-l)-th 
and m-th data lines DLm-1 and DLm, and (n-l)-th and n-th gate line GLn-1 and 
GLn. The thin film transistor 520 includes a source electrode 523 that is 
electrically connected to the in-th data line DLm, a gate electrode 521 that is 
10 electrically connected to the n-th gate line GLn, and a drain electrode 525 that is 
electrically coxmected to the transmissive electrode 540 and the reflective electrode 
550. 

The transmissive electrode 540 faces the common electrode with the liquid 
crystal layer interposed therebetween, so that the second liquid crystal capacitor 

15 Clc2 is formed. The reflective electrode 550 overlaps with the (n-l)-th gate line 
GLn-1 while the insulation layer is interposed flierebetween. Thus, a second 
storage capacitor Cst2 that is electrically connected in parallel to the second liquid 
crystal capacitor Clc2 is formed. Further, the reflective electrode 550 overlaps 
with the n-th gate line GLn while the insulation layer is interposed therebetween. 

20 Thus, the sub capacitor Cs that is electrically connected in parallel to the second 
liquid crystal capacitor Clc2 and the second storage capacitor Cst2 is formed. 

When the thin film transistor 520 operates in response to a driving signal that 
is applied to the n-th gate line GLn, a data voltage that is applied to the m-th data 
line DLm is transferred to the drain electrode 525. Then, the data voltage is 

25 applied to the transmissive electrode 540 and the reflective electrode 550 that are 

electrically comected to the drain electrode 525. In detafl; a first data voltage is 

applied to the transmissive electrode 540, and a second data voltage is applied to the 
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reflective electrode 550. The second data voltage is lower than the first data 
voltage. That is, the first data voltage is dropped due to the sub capacitor Cs that is 
electrically connected to the reflective electrode 550, so that the second data voltage 
is formed. Then, the second data voltage is applied to reflective electrode 550. 

As described above, even when one data voltage is applied to m-fli data line 
DLm, different voltages are applied to the transnaissive electrode 540 and the 
reflective electrode 550. As a result, both of the transmissivity and the reflectivity 
are maximized to enhance the light using eflBlciency of the liquid crystal display 
device 600. 

Li the present embodiment, the reflective electrode 550 overlaps with the 
n-th gate line GLn to form the sub capacitor Cs. However, a separate wiring may 
overlap with tihie reflective electrode 550 so as to form the sub capacitor Cs. 

Embodiment 3 

FIG. 9 is a cross-sectional view ^showing a liquid crystal display apparatus 
according to a third exemplary embodiment of the present invention. FIG. 10 is a 
schematic plan view showmg an array substrate of FIG. 9, and FIG. 11 is a 
scheniatic plan view showing a color filter substrate of FIG, 9. The liquid crystal 
display apparatus is same as in Embodiment 1 except for a color filter substrate 700. 
Thus, the same reference numerals will be used to refer to the same or like parts as 
those described in Embodiment 1 and any finther explanation will be omitted. 

Referring to FIGS. 9 to 11, a liquid crystal display apparatus according to a 
third exemplary embodiment of the present invention includes an array substrate 100, 
a color filter substrate 700 that faces the array substrate 100, and a liquid crystal 
layer 300 that is interposed between the array substrate 100 and the color filter 
substrate 700. 

The color filter substrate 700 includes a color filter layer 720 formed on a 
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second substrate 710, and a coramon electrode 730 that is formed on tiie color filter 
layer 720. The color filter layer 720 includes a red-color filter, a green-color filter 
and a blue-color filter. The common electrode 730 is transparent and electrically 
conductive. 

5 As shown in FIGS. 9 and 1 1, the common electrode 730 includes first and 

second common electrode regions Eal and Ea2. First and second conmoLon 
electrodes 731 and 732 are formed in the first and second common electrode region 
Eal and Ea2 respectively. The first common electrode 731 corresponds to the 
transmissive electrode of the array substrate. The second common electrode 732 

10 corresponds to the reflective electrode of the array substrate. The first and second 
common electrodes 73 1 and 732 are electrically insulated firom each other. That is, 
an insulation region la is interposed between Ihe first and second common electrode 
regions Eal and Ea2. 

First and second reference voltages are applied to the first and second 

15 common electrodes 731 and 732 respectively. The second reference voltage is 
lower than the first reference voltage. 

As shown in FIGS. 9 and 11, the array substrate 100 includes first and 
second thin film transistors 120 and 130 so as to apply different voltages to the 
transmissive electrode 150 mid the reflective electrode 160. That is, a first data 

20 voltage is applied to the transmissive electrode, and a second data voltage that is 
lower than the first data voltage is applied to the reflective electrode. In this case, a 
preferred reference voltage level in the reflection region and a preferred reference 
voltage level in the transmissive region become different due to differences such as 
parasitic capacitance, discharge rate, etc. between the fitrst and second thin fihn 

25 transistors 120 and 130. 

Thus, when the preferred reference voltage is adjusted to the transmission 
region, a leakage current flows in the reflection region. When the preferred 
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reference voltage is adjusted to the reflectioii region, a leakage current flows in the 
transmission region. That is, the first data voltage applied to the liquid crystal 
layer of the transmission region becomes dijfferent between the positive (+) frame 
and the negative (-) frame, and the second data voltage applied to the liquid crystal 

5 layer of the reflection region becomes different between the positive (+) frame and 
the negative (-) frame. 

This voltage difference induces luminance differences between the reflection 
region and the transmission region. Further, the voltage difference induces 
luminance difference between the positive frame and the negative frame. Thus, an 

10 image displayed from the liquid crystal display apparatus 400 flickers, so that the 
display quality is deteriorated. 

In order to solve this problem, the first refer^ce voltage is applied to the 
first common electrode 731 that faces the transmissive electrode 150, and the second 
reference voltage that is lower than the first reference voltage is applied to the 

15 second common electrode 732 that faces the reflective electrode 160. Thus, the 
first and second data voltages are prevented from being different between the 
positive frame and the negative frame in the transmission region and the reflection 
region respectively. . 

The liquid crystal layer 300 is interposed between the array substrate 100 

20 and the color filter substrate 700 to form the liquid crystal display apparatus 800. 

In the present embodiment, a plurality of electrode regions are defined in a 
pixel region due to the transmissive electrode 150 and the reflective electrode 160. 
However, as long as a plurality of electrode regions is formed in the pixel region, a 
plurality of common electrode regions corresponding to the electrode regions may 

25 be formed on the common electrode of the color filter substrate. 



Embodiment 4 
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FIG. 12 is a cross-sectional view showing a liquid crystal display apparatus 
according to a fourth exemplary embodiment of the present invention, and FIG. 13 
is a schematic plan view showing an array substrate of FIG. 12. 

Referring to FIGS. 12 and 13, a liquid crystal display apparatus 1000 
5 according to a fourth exemplary embodiment of the present invention includes an 
array substrate 900, a color filter substrate 200 and a Uquid crystal display layer 300 
that is interposed therebetween. 

The array substrate 900 includes a first substrate 910, a gate line GL, a data 
line DL, a thin film transistor 920, a transmissive electrode 940 and a reflective 
10 electrode 950. 

The gate line GL extends in a first direction Dl, and the data line DL 
extends in a second direction D2 that is substantially perpendicular to the first 
direction Dl. However, the gate line GL and the data line DL are electrically 
insulated firom each other. A pixel region PA is defined by the gate line GL and 
15 the data line DL. 

The thin fihn transistor 920 of the pixel region PA includes a gate electrode 
921 that is electrically connected to the gate line GL, a source electrode 922 that is 
electrically connected to the data line DL, and a drain electrode 923 that is 
electrically coimected to the transmissive electrode 940. 
20 A protection layer 930 is interposed between the transmissive electrode 940 

and the thin film transistor 920. The protection layer 930 includes a first contact 
hole 93 1 for exposing the drain electrode 923 of the thin film transistor 920. 

The transmissive electrode 940 is formed on the protection layer 930, such 
that the transmissive electrode 940 is electrically connected to the drain electrode 
25 923 via thej. first contact hole 93 1 . 

-The pixel region IPA includes first and second regions Al and-A2. The 

transmissive electrode 940 is formed in the fibrst region Al. The reflective 
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electrode 950 is electrically insulated from the transmissive electrode 940, and the 
reflective electrode 950 is formed in the second region A2. 

A first sub wiring 925 is formed in the first region Al, such that the first sub 
wiring 925 is electrically insulated firom the transmissive electrode 940 and the first 
5 sub wiring 925 faces the transmissive electrode 940. A second sub wiring 926 is 
formed in the second region A2, such that the second sub wiring 926 is electrically 
insulated from the reflective electrode 950 and the second sub wiring 926 faces the 
reflective electrode 950. The first and second sub wirings 925 and 926 are 
patterned simultaneously with the gate line GL. That is, the first and second sub 
10 wirings 925 and 926 are formed simultaneously with the gate line GL. 

A compensation wiring 928 is formed over the first substrate 910. The 
compensation wiring 928 is electrically connected to the drain electrode 923 of the 
thia film transistor 920. The compensation wiring 928 faces the reflective 
electrode 950 while the compensation wiring 928 is electrically insulated from the 
15 reflective electrode 950. 

In FIGS. 12 and 13, for example, the compensation wiriug 928 is pattemed 
simultaneously with the data line DL. However, the compensation wiring 928 may 
be pattemed simultaneously with the gate Une GL. 

The color filter substrate 200 iacludes a second substrate 210, a color filter 
20 220 that is formed on the second substrate 210, and a contunon electrode 230 that is 
formed on the color filter 220. The color filter substrate 200 and the array 
substrate 900 are assembled together, such that the common electrode 230 faces the 
transmissive electrode 940 and the reflective electrode 950. Then, a liquid crystal 
material is injected between the color filter substrate 200 and the array substrate 900 
25 to form the liquid crystal layer 300. Thus, the liquid crystal display apparatus 1000 
are completed. 

A first distance dl between the common electrode 230 and the transmissive 
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electrode 940 of the &st region Al is substantially same as a second distance d2 
between the common electrode 230 and the reflective electrode 950. That is, the 
liquid crystal display apparatus 1000 has a uniform cell gap in the first and second 
regions Al and A2. 

5 . FIG. 14 is an equivalent circuit diagram of the unit pixel of FIG. 12. 

Referring to FIGS. 12 to 14, a unit pixel includes a gate line GL and a data 
line DL. The thin film transistor 920 is electrically connected to the gate line GL 
and the data line DL. The thin film transistor 920 includes a drain electrode 923 
that is electrically connected to a first liquid crystal capacitor Clct, a first sub 
10 capacitor Cstt, a compensation capacitor Cq)r and a second sub capacitor Cstr. 
The compensation capacitor Ccpr is electrically connected in series to a second 
liquid crystal capacitor Clcr. The first liquid aystal capacitor Clct, the first sub 
capacitor Cstt, a composite capacitor of the compensation capacitor Ccpr and the 
second liquid crystal capacitor Clcr, and the second sub capacitor Cstr are 
15 electrically connected in parallel with each other. 

The first liquid crystal capacitor Clct corresponds to a capacitance formed 
between the common electrode 230 of the color filter substrate 200 and the 
transmissive electrode 940 of the array substrate 900. 

The first sub capacitor Cist corresponds to a capacitance formed between the 
20 first sub wiring 925 of the array substrate 900 and the transmissive electrode 940. 

The second sub capacitor Cstr corresponds to a capacitance formed betwe^ 
the second sub wiring 926 of the array substrate 900 and the reflective electrode 
950. 

The second liquid crystal capacitor Clcr corresponds to a capacitance formed 
25 between the reflective electrode 950 and the common electrode 230. 

The^ conipensation capacitor Ccpr corresponds to a capacitance formed 
between the reflective electrode 950 and the compensation wiring 9i8. The 
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capacitance of the compensation capacitor Ccpr increases in directly proportional to 
an overlapping area of the reflective electrode 950 and the compensation wiring 928. 

When a gate voltage applied to the gate line GL is transferred to the gate 
electrode 921 of the thin film transistor 920, the thin film transistor 920 is tumed on. 
Thus, a data voltage Vd applied to the source electrode 922 firom the data line DL is 
transferred to the drain electrode 923. Then, the data voltage Vd is applied to the 
transmissive electrode 940 and the compensation wiring 928. 

A reference voltage, for example OV is applied to the common electrode 230 
of the color filter substrate 200. 

When the data voltage Vd is applied to the transmissive electrode 940 via the 
thin film transistor 920, the first liquid crystal capacitor Clct is electrically charged 
according to the data voltage Vd. However, the second liquid crystal capacitor 
Clcr is electrically charged according to a compensated voltage Vr that is lower than 
the data voltage Vd. That is, the data voltage Vd is diyided by the compensation 
capacitor Ccpr and the second liquid crystal capacitor Clcr, so tiiat the compensated 
voltage is obtained as the following expression 1. 

Expression 1 

Vr = Vd X Ccpr / (Cpr + Clcr). 

As shown in Expression 1, a sum of the compensation capacitor Ccpr and 
the second liquid crystal capacitor Clcr is greater than the compensation capacitor 
Ccpr, so that the compensated voltage Vr is lower than the data voltage Vd. Thus, 
the data voltage Vd(or a first data voltage) that is applied to the transmissive 
electrode 940 is higher than the compensated voltage Vr (or second data voltage) 
that is applied to the reflective electrode 950. 

Embodiments 

FIG. 15 is a plan view showing an array substrate of a liquid crystal display 
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apparatus according to a fifth exemplary embodiment of the present invention. 

Referring to FIG, 15, an array substrate 901 of a liquid crystal display 
apparatus according to a fifth exemplary embodiment of the present invention, 
includes a first substrate 910, a gate line GL, a data line DL, a thin film transistor 
5 920, a transmissive electrode 940, a reflective electrode 950 and a compensation 
wiring 928. 

The gate line GL extends ia a first direction Dl, and the data line DL 
extends in a second direction D2 that is substantially perpendicular to the first 
direction DL The gate line GL and the data line DL are electrically iusulated from 

10 each other. A pixel region is defined by the gate line GL and the data line DL. 
The compensation wiring 928 faces the reflective electrode 950 in the pixel region. 

The thin film transistor 920 includes a gate electrode 921 that is electrically 
coimected to the gate line GL, a source electrode 922 that is electrically coimected to 
the data line DL, and a drain electrode 923 that is electrically connected to the 

15 compensation wiring 928. 

The pixel region includes first and second regions Al aad A2. The 
transmissive electrode 940 is formed in the first region Al. The reflective 
electrode 950 is formed in the second region A2, such that the reflective electrode 
950 is electrically insulated fi-om the transmissive electrode 940. The transmissive 

20 electrode 940 is electrically connected to the compensation wiring 928 via a second 
contact hole 935. Thus, the transmissive electrode 940 is electrically connected to 
the drain electrode 923 of the thin film transistor 923 via the compensation wiring 
928. 

25 Embodiment 6 

FIG. 16 is a cross-sectional view showing a liquid crystal display apparatus 
according to a sixth exemplary embodiment of the present invention, and FIG. 17 is 
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a layout showing a portion of an array substrate of FIG. 16. 

Referring to FIGS. 16 and 17, a liquid crystal display apparatus 1100 
according to a sixth exemplary embodiment of the present invention includes an 
array substrate 903, a color filter substrate 200 and a liquid crystal layer 300 
interposed between the array substrate 903 and the color filter substrate 200. 

The array substrate 903 includes a first substrate 910, a first gate line GLn-1 , 
a second gate line GLn, a data line DL, a first thin film transistor Tl, a second thin 
film transistor T2, a transmissive electrode 940, a reflective electrode 950 and a 
compensation wiring 928, wherein 'n' is a natural number that is greater thaa two. 

The array substrate 903 includes a plurality of gate lines. The first gate line 
GLn-1 corresponds to (n-l)-th gate line, and the second gate line GLn corresponds 
to n-th gate line. 

Both of the first and second gate lines GLn-1 and GLn extend in a first 
direction Dl, such that the first and second gate lines GLn-1 and GLn are spaced 
apart with each other. The data line DL extends in a second direction D2 that is 
substautially perpendicular to the first direction Dl. The data line DL is 
electrically insulated firom the first and second gate lines GLn-1 and GLn. A pixel 
region PA is defined by the first and second gate lines GLn-1 and GLn, and the data 
lineDL. 

The first thin film transistor Tl includes a first gate electrode 961 that is 
electrically connected to the first gate line GLn-1, a source electrode 962 that is 
electrically connected to a groimd voltage, and a drain electrode 963 that is 
electrically coimected to the transmissive electrode 940. The pixel region PA 
includes first and second regions Al and A2. The transmissive electrode 940 is 
formed in the first region Al. The compensation wiring 928 faces the transmissive 
electrode 940 in the first region Al. 

The second thin film transistor T2 includes a second gate electrode 921 that 
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is electrically connected to the second gate line GLn, a second source electrode 922 
that is electrically connected to the data line DL, and a second drain electrode 923 
that is electrically connected to the compensation wking 928. The reflective 
electrode 950 is formed in the second region A2, such that the reflective electrode is 

5 electrically insulated from the transmissive electrode 940. The compensation 
wiring 928 faces the reflective electrode 940 in the second region A2. 

A protection layer 930 is coated on the first substrate 910 having the first 
and second thin film transistors Tl and T2 formed thereon. The protection layer 
930 corresponds to an organic insulation layer. The protection layer 930 

10 electrically iasulate the transmissive electrode 940 from the compensation wiring 
928 in the first region Al, and the protection lay&t also electrically insulate the 
reflective electrode 950 from the compensation wiring 928 in the second region A2. 

The protection layer 930 includes a contact hole 931 for exposing the first 
drain electrode 963 of the first thin film transistor Tl. The transnaissive electrode 

15 940 is formed on the protection layer 930, such that the transmissive electrode 940 is 
electrically connected to the first draia electrode 963 via the contact hole 93 1. 

A first sub wiring 925 is formed in the first region Al, such that the first sub 
wiring 925 is insulated from the transmissive electrode 940. The first sub wiring 
925 faces the Iransmissive electrode 940. A second sub wiring 926 is formed in 

20 the second region A2, such that the second sub wiring 926 is insulated from the 
reflective electrode 950. The second sub wiring 926 faces the reflective electrode 
950. 

The color filter substrate 200 includes a second substrate 210, a color filter 
220 formed on the second substrate 210, and a common electrode 230 formed on 
25 the color filter 220. 

' A first distance di- between -the common elecfrode 230 and the transiiiissive 
electrode 940 in the first region Al is substantially same as a second distance d2 
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between the common electrode 230 and the reflective electrode 950 in the second 
region A2. That is, the liquid crystal display apparatus 1 100 has a uniform cell gap 
in the &st region Al and the second region A2. 

FIG. 18 is an equivalent circuit diagram of a unit pixel of FIG. 17. 

5 Referring to FIGS. 17 and 18, a unit pixel includes first and second gate 

lines GLn-1 and GLn, and a data line DL. The first and second gate lines GLn-1 
and the GLn are spaced apart firom each other. The first thin film transistor Tl 
includes a first gate electrode that is electrically connected to the first gate line 
GLn-1, a first source electrode that is electrically coimected to a ground voltage. 

10 The second thin fihn transistor T2 includes a second gate electrode that is 
electrically coimected to the second gate line GLn, and a second source electrode 
that is electrically connected to the data line DL. 

A first drain electrode of the first thin film transistor Tl is electrically 
coimected to a first liquid crystal capacitor Clct and a first sub capacitor Cstt. The 

15 first liquid crystal capacitor Clct and the first sub capacitor Cstt are electrically 
connected in parallel with each other. A second drain electrode of the second thin 
film transistor T2 is electrically connected to a second compensating capacitor Ccpr 
and a second sub capacitor Cstr. The second compensating capacitor Ccpr is 
electrically connected in series to a second liquid crystal capacitor Clcr. A 

20 composite capacitor of the second compensating capacitor Ccpr and the second 
liquid crystal capacitor Clcr is electrically connected in parallel to the second sub 
capacitor Cstr. 

A first compensating capacitor Ccpt electrically connects the first and 
second thin film transistor Tl and T2. That is, the first drain electrode of the first 
25 thin film transistor Tl is electrically connected to a first terminal of the first 
- compensating capacitor Ccpt, and the second draia electrode of the second thin film 
transistor T2 is electrically connected to a second terminal of the first compensating 
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capacitor Ccpt 

The first liquid crystal capacitor Clct corresponds to a capacitance formed 
between the common electrode 230 of the color filter substrate 200 and the 
transmissive electrode 940 of the array substrate 903. 

The first sub capacitor Cstt corresponds to a capacitance formed between the 
first sub wiring 925 and the transmissive electrode 940. 

The second sub capacitor Cstr corresponds to a capacitance formed between 
the second sub wiring 926 and the reflective electrode 950. 

The second liquid crystal capacitor Clcr corresponds to a capacitance formed 
between the reflective electrode 950 and the conomon electrode 230. 

The first compensating capacitor Ccpt corresponds to a capacitance formed 
between the transmissive electrode 940 and the compensating wiring 928. 

The second compensating capacitor Ccpr corresponds to a capacitance 
formed between the reflective electrode 950 and die compensating wiring. 928. 

When a first gate voltage is applied to the first gate line GLn-1, the first gate 
voltage is transferred to the first gate electrode of the first thin film transistor Tl, so 
that the first thin film transistor Tl is turned on. Then, the ground voltage that is 
applied to the first source electrode of the first thin film transistor Tl is outputted via 
the fibrst drain electrode. However, the second thin film transistor T2 is in a turned 
off state, so that a voltage of the second drain electrode of the second thin film 
transistor T2 is lower than a voltage of the first drain electrode of the first thin film 
transistor Tl . That is, the voltage of the second drain electrode is negative. 

Thus, when the first thin film transistor Tl is turned on, a transmissive 
voltage Vt (or first data voltage) that is applied to the transmissive electrode 940 is 
higher than a reflective voltage (or second data voltage) that is applied to the 
reflective electrode 950. 

When a second gate voltage is applied to the second gate line GLn, the 
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second gate voltage is transferred to the second gate electrode of the second thin 
film transistor T2. Thus, the second thin film transistor T2 is turned on. 

The first gate voltage is applied to the first gate line GLn-1, until the second 
gate voltage is applied to the second gate line GLn, so that the first thin film 
transistor Tl is turned off, and the second thin film transistor T2 is turned on 
simultaneously. When the first thin film transistor Tl is turned off, the 
transmissive electrode 140 becomes a floating state. 

Then, a data voltage Vd that is applied to the second source electrode from 
the data line DL is outputted via the second drain electrode of the second thin film 
transistor T2, so that the reflective voltage Vr and tiie transmissive voltage Vt are 
raised due to the data voltage Vd. The transmissive voltage Vt is higher than the 
reflective voltage Vr. 

First, second and third capacitance CI, C2 and C3 are defined as the 
following Expression 2. 

Expression 2 

CI = Cstr + (Ccpr x Clcr) / (Ccpr + Clcr) 

C2 = Ccpt 

C3 = Clct+Cstt 

Then, when the second thin film transistor T2 is turned on, the transmissive 
voltage Vt that is applied to the transmissive electrode 940 is expressed as the 
following Expression 3. 

Expression 3 

Vt = 1/(C1 + 2C2) X (2 - C3/C2) x (CI + C2) x Vd 

As shown in E5q)ression 3, the transmissive voltage Vt is higher than the- 
data voltage Vd. 
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Embodiment 7 

FIG. 19 is a layout showing an airay substrate of a liquid crystal display 
apparatus according to a seventh exemplary embodiment of the present invention, 
5 and FIG. 20 is an equivalent circuit diagram showing a imit pixel of the liquid 
crystal display apparatus. 

The liquid crystal display apparatus disclosed in FIGS. 19 and 20 is operated 
via a dot reversion driving method. 

Referring to FIG. 19, an array substrate 905 includes first and second gate 
10 lines GLn-1 and GLn, a data line DL, first, second and third thin film transistors Tl 
and T2 and T3, a transmissive electrode 940, a reflective electrode 950 and a 
comp^sating wiring 928. 

The first thin film transistor Tl includes a first gate electrode that is 
electrically connected to the first gate line GLn-1, a first source electrode that is 
15 electrically connected to a ground voltage GT, and a first drain electrode that is 
electrically connected to the transmissive electrode 140. A pixel region includes 
first and second regions Al and A2. The transmissive electrode 940 is formed in 
the first region Al. A couD^ensating wiring 928 is also formed in the first region 
Al. The compensating wiring 928 is insulated firom the transmissive electrode 940, 
20 and the compensating wiring 928 faces the transnussive electrode 940 in the first 
region AL 

The second thin film transistor T2 includes a second gate electrode that is 
electrically connected to the second gate line GLn, a second source electrode that is 
electrically coimected to the data line DL, and a second drain electrode that is 
25 electrically connected to the compensating wiring 928. The reflective electrode 
940 is formed in flie second region A2, such that the reflective electrode 950 is 
electrically insulated jfrom the transmissive electrode 940. The compensating 
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wiring 928 is also insulated from the reflective electrode 950, and the compensating 
wiring 928 faces the reflective electrode 950 in the second region A2. 

The third thin film transistor T3 includes a third gate electrode that is 
electrically coimected to the first gate line GLn-1, a third source electrode that is 

5 electrically connected to the data line DL, and a third drain electrode that is 
electrically connected to the compensating wiring 928. 

Referring to FIG. 20, the first drain electrode of the first thin film transistor 
Tl is electrically connected to a first liquid crystal capacitor Clct and a first sub 
capacitor Cstt. The first liquid crystal capacitor Clct and the first sub capacitor Cstt 

10 are electrically connected in parallel to each other. 

The second drain electrode of the second thin film transistor T2 is 
electrically connected to a second sub capacitor Cstr and a second compensating 
capacitor Ccpr. The second compensating capacitor Cqpr is electrically connected 
in series to a second liquid crystal capacitor Clcr. A composite capacitor of the 

15 second compensating capacitor Ccpr and the second liquid crystal capacitor Clcr is 
electrically coimected in parallel to the second sub capacitor Cstr. 

The first thin film transistor Tl is electrically connected to the second thin 
film transistor T2 via a first compensating capacitor Ccpt That is, the first drain 
electrode of the first thin film transistor Tl is electrically connected to a first 

20 tenninal of the first compensating capacitor Ccpt, and the second drain electrode of 
the second thin fihn transistor T2 is electrically connected to a second terminal of 
the first compensating capacitor Ccpt 

The second terminal of the first compensating capacitor Ccpt is also 
electrically connected to the third drain electrode of the third thin film transistor T3. 

25 When a first gate voltage is applied to the first gate line GLn-1, the first gate 

voltage is transferred to the first gate electrode of the first thin film transistor Tl^ so - 
that the first and third thin film transistors Tl and T3 are turned on. Then, the 
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ground voltage that is applied to the first source electrode of the first thin film 
transistor Tl is outputted via the first drain electrode of the first thin film transistor 
Tl, and the first data voltage Vdl that is applied to the third source electrode of the 
third thin film transistor T3 is outputted via the third drain electrode of the third thin 

5 film transistor T3, wherein the first data voltage Vdl is negative. 

Then, the ground voltage is transferred to the first terminal of the first 
compensating capacitor Ccpt, and the first data voltage Vdl is transferred to the 
second terminal of the first compensating capacitor Ccpt, so that the first 
compensating capacitor Ccpt is electrically charged. 

10 When a second gate voltage is applied to the second gate line GLn, the 

second gate voltage is transferred to the second gate electrode of the second thin 
film transistor T2, so that the second thin film transistor T2 is turned on. The first 
gate voltage is ai>plied to the first gate Une GLn-1, until the second gate voltage is 
applied to the second gate line GLn. Thus, when the second thin film transistor T2 

15 is turned on, the first thin film transistor Tl is turned off simultaneously. 
Therefore, the transmissive electrode 940 maintains a floating state. 

When the second thin film transistor T2 is turned on, a second data voltage 
Vd2 that is applied to the second source electrode firom the data line DL is 
transferred to the second drain electrode, wh^in the second data voltage Vd2 is 

20 positive. 

When the second thin fillm transistor T2 is turned on, the second data voltage 
Vd2 is applied to the second terminal of the first compensating capacitor Ccpt, and a 
transmissive voltage Vt that is higher than the second data voltage Vd2 is applied to 
the first terminal of the first compensating capacitor Ccpt 
25 The transmissive voltage Vt that is applied to the transmissive electrode 940 

when the second thin film transistor T2- is -turned on is eiq)ressed as the-following 
Expression 4. 
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Expression 4 

Vt = Vd2 + 1/(C2 + C3) X (-C3 x Vd2 + C2 x Vdl), 
Wherein the CI, C2 and C3 are expressed in Expression 2. 
As shown in Expression 4, the transniissive electrode Vt is higher than the 
second data voltage Vd2, 

Embodiment 8 

FIG. 21 is a layout showing an array substrate of a liquid crystal display 
apparatus according to an eighth exemplary embodiment of the present invention. 
FIG. 22 is an equivalent circuit diagram showing a unit pixel of the liquid crystal 
display apparatus of FIG. 21, and FIG. 23 is a wave pattern of FIG. 22. 

The liquid crystal display apparatus disclosed in FIGS. 21 to 23 is operated 
via a column reversion driving method. 

Referring to FIG. 21, an array substrate 907 of a liquid crystal display 
apparatus according to an eighth exemplary embodiment of the present invention, 
includes a first gate line GLn-1, a second gate line GLn, first and second thin film 
transistors Tl and T2, a transnoissive electrode 940, a reflective electrode 950 and a 
compensating wiring 928. 

The first thin film transistor Tl includes a first gate electrode that is 
electrically connected to the first gate line GLn-1, a first source electrode that is 
electrically connected to the data line DL, and a first drain electrode that is 
electrically connected to the transmissive electrode 140. 

A pixel region includes first and second region Al and A2. The 
transniissive electrode 940 is formed in the first region Al. The compensating 
wiring 928 faces the transmissive electrode 940 in flie first region A-1. The 
compensating wiring 928 is electrically insulated firom the transmissive electrode 
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940. 

The second thin film transistor T2 includes a second gate electrode that is 
electrically connected to the second gate line GLn, a second source electrode that is 
electrically connected to the data line DL, and a second drain electrode that is 
5 electrically connected to the compensating wiring 928. 

The reflective electrode 950 is formed in the second region A2, such that the 
reflective electrode 950 is electrically insulated from the transnadssive electrode 940. 
The compensating wiring also faces the reflective electrode 950 in the second region 
A2. 

10 Referring to FIG. 22, a unit pixel includes first and second gate lines GLn-1 

and GLn, and data line DL. The first thin film transistor Tl includes a first gate 
electrode that is electrically coimected to the first gate line GLn-1, and a first source 
electrode that is electrically connected to the data line DL. The second thin film 
transistor T2 includes a second gate electrode that is electrically connected to the 

15 second gate line GLn, and a second source electrode that is electrically connected to 
the data line DL. 

The first thin film transistor Tl further includes a first drain electrode that is 
electrically connected to a first liquid crystal capacitor Clct and the first sub 
capacitor Cstt The first liquid crystal capacitor Clct and the first sub capacitor Cstt 

20 are electrically connected in parallel with each other. 

The second thin film transistor T2 further includes a second drain electrode 
that is electrically coimected to a second sub capacitor Cstr and a second 
compensating capacitor Ccpr. The second compensating capacitor Ccpr is 
electrically coimected in series to a second liquid crystal capacitor Clcr. A 

25 composite capacitor of the second compensating capacitor Ccpr and the second 
liquid crystal capacitor Clcr is electrically connected in parallel to the second-second 
sub capacitor Cstr. A composition capacitor of the first liquid aystal capacitor 
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Clct and the first sub capacitor Cstt is electrically connected to a first terminal of a 
first compensating capacitor Ccpt, and the second drain electrode of the second thin 
film transistor T2 is electrically connected to a second terminal of the second 
terminal of the first compensating capacitor Ccpt 

5 When a first gate voltage is applied to the first gate line GLn- 1 , the first gate 

voltage is transferred to the first gate electrode of the first thin film transistor Tl, so 
that the first thin film transistor Tl is turned on. Thus, a fiorst data voltage Vdl that 
is applied to the first source electrode of the first thin film transistor Tl is transferred 
to the first draia electrode of the first thin film transistor Tl. The first data voltage 

10 Vdl corresponds to a transmissive voltage Vt that is applied to the transmissive 
electrode 940. 

The second thin film transistor T2 is in a turned ofiP state, so that the second 
drain electrode of the second thin film transistor T2 is maintained in lower voltage 
state than the fibrst drain electrode of the first thin film transistor Tl. That is, a 
15 voltage of the second drain electrode is negative. 

Thus, a reflective voltage Vr (or second data voltage) that is applied to the 
reflective electrode 950 becomes lower than the transmissive voltage Vt (or fiorst 
data voltage). 

When a second gate voltage is applied to the second gate line GLn, the 
20 second gate voltage is transferred to the second gate electrode of the second thin 
film transistor T2, so that the second thin film transistor T2 is turned on. 

The first gate voltage is applied to the fiarst gate line GLn-1 until the second 
gate voltage is applied to the second gate line GLn, so that the second thin film 
transistor T2 is turned on, and the first thin film transistor Tl is turned off 
25 simultaneously. Thus, when the first thin film transistor Tl is turned off, the 
transmissive electrode 940 becomes a floating state. 

When the second thin film transistor T2 is turned on, the second data voltage 
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Vd2 that is applied to the second source electrode from the data line DL transferred 
to the second drain electrode. 

The jHrst and second data voltages Vdl and Vd2 are positive, and the &st 
data voltage Vdl is lower than the second data voltage Vd2. 

Both of the reflective voltage Vr and tlie transmissive voltage Vt are 
enhanced to be higher than tiie second data voltage Vd2 due to the second data 
voltage Vd2. The transmissive voltage Vt is higher than the reflective voltage Vr. 

Expression 5 

Vt = 1 / (CI + C2) X [(2- C3/C2) x (CI + C2) x Vd2 + (CI + C2) x Vdl], 
Wherem CI, C2 and C3 are expressed in Expression 2. 
As shown in Expression 5, the transmissive voltage Vt is highw than the 
second data voltage Vd2* 

Industrial Applicability 

According to the present invention, a first voltage is applied to the 
transmissive electrode that is formed in the first region of the pixel region, and a 
second voltage that is lower than the first voltage is applied to the reflective 
electrode that is formed in the second region of the pixel region. 

Thus, both of a reflectivity of the reflective electrode and a transmissivity of 
the transmissive electrode are enhanced simultaneously while the liquid crystal 
display apparatus maintains a uniform cell gap. 

Further, an additional process is not required, so that productivity is 
enhanced. 

Although the exemplary embodiments of the present invention have been 
described, it is imderstood that the present invention should not be limited to these 
exemplary embodiments, but various changes and modifications can be made by one 
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ordinary skilled in the art within the spirit and scope of the present invention as 
hereinafter claimed. 

5 
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Claims 

1. An array substrate comprising: 
a gate line; 

5 a data line crossing the gate line to define a pixel region that includes first and 

second regions; 

a switching device that is electrically connected to the gate line and the data 

line; 

a transmissive electrode that is electrically connected to the switching device, 
10 the transmissive electrode being formed in the first region; 

a reflective electrode that is electrically insulated firom the transmissive 
electrode, the reflective electrode being formed in the second region that is adjacent 
to the first region; and 

a compensating wiring that is eleclrically connected to the switching device, 
15 the compensating wiring facing the reflective electrode in the second region with an 
insulation layer interposed between the compensating wiring and the reflective 
electrode. 

2, The array substrate of claim 1, wherein the switching device 
20 corresponds to a thin film transistor comprising a gate electrode lhat is electrically 

coimected to the gate line, a source electrode that is electrically coimected to the 
data line, and a drain electrode that is electrically coimected to the transmissive 
electrode and the compensating wiring. 

25 3. The array substrate of claim 1, wherein the compensating wiring and 

the data line are formed fi'om a same layer. 
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4. An array substrate comprising: 
a first gate line; 

a second gate line that is electrically insulated fi:om the first gate line; 
a data line crossing the first and second gate lines to define a pixel region lhat 
5 includes first and second regions; 

a first switching device that is electrically connected to the first gate line and 
the data line; 

a second switching device that is electrically connected to the second gate 

line; 

10 a transmissive electrode that is electrically connected to the second switching 

device, the transmissive electrode being formed in the first region; 

a reflective electrode that is electrically insulated firom the transmissive 
electrode, the reflective electrode being formed in the second region that is adjacent 
to the first region; and 

15 a compensating wiring that is electrically connected to the first switching 

device, the compensating wiring facing the reflective electrode and the transmissive 
electrode with an insulation layer interposed between the compensating wiring and 
the reflective electrode and between the compensating wiring and the transmissive 
electrode. 

20 

5. The array substrate of claim 4, wherein the first switching device 
corresponds to a first thin film transistor including a gate electrode that is 
electrically connected to the second gate line, a source electrode that is electrically 
connected to the data line, and a drain electrode that is electrically connected to the 

25 compensating wiring. 

6. The array substrate of claim 4, whwein the second switching device 
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corresponds to a second thin film transistor including a gate electrode that is 
electrically connected to the first gate line, a source electrode that is electrically 
connected to a ground voltage, and a drain electrode that is electrically connected to 
the transmissive electrode. 

5 

7. The array substrate of claim 6, further comprising a third thin fihn 
transistor that includes a gate electrode that is electrically connected to the first gate 
line, a source electrode that is electrically connected to the data line, and a drain 
electrode that is electrically connected to the compensating wiring. 

10 

8. The array substrate of claim 4, wherein the second switching device 
corresponds to the second thin film transistor including a gate electrode that is 
electrically connected to the first gate line, a source electrode that is electrically 
connected to the data line, and a drain electrode that is electrically coimected to the 

15 transmissive electrode and the compensating wiring. 

9. The array substrate of claim 4, further comprising a circuit for 
allowing the first gate line to maintain a first driving signal until the second gate 
line receives a second driving signal. 

20 

10. The array substrate of claim 4, wherein the compensating wiring and 
the data line are formed firom a same layer. 

11. A liquid crystal display apparatus comprising: 
25 i) a first substrate including: 

a gate line; - 

a data line crossing the gate line to define a pixel region that includes 
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first and second regions; 

a switching device that is electrically connected to the gate hne and the 
data line; 

a transnodssive electrode that is electrically coimected to the switching 
device, the transmissive electrode being formed in the first region; . 

a reflective electrode that is electrically insulated firon^i the 
transmissive electrode, the reflective electrode being formed in the second 
region that is adjacent to the first region; and 

a compensating wiring that is electrically connected to the switching 
device, the compensating wiring facing the reflective electrode in the second 
region with an insulation layer interposed between the compensating wiring 
and the reflective electrode; 

ii) a second substrate including a common electrode that faces the 
transmissive electrode and the reflective electrode; and 

iii) a liquid crystal layer interposed between the first and second substrates. 

12. A liquid crystal display apparatus con^rising: 
i) a first substrate including: 
a first gate line; 

a second gate line that is electrically insulated firom the first gate line; 

a data line crossing the first and second gate lines to defitne a pixel 
region that includes first and second regions; 

a first switching device that is electrically connected to the first gate 
line and the data line; 

a second switching device that is electrically coimected to the second 
gate line; 

a transnoissive electrode that is electrically coimected to the second 
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switching device, the transmissive electrode being formed in the fibrst region; 

a reflective electrode that is electrically insulated from the 
transmissive electrode, the reflective electrode being formed in the second 
region that is adjacent to the first region; and 

a compensating wiring that is electrically connected to the first 
switching device, the compensating wiring facing the reflective electrode and 
Ihe transmissive electrode with an insulation layer interposed between the 
compensating wiring and the reflective electrode and between the 
compensating wiring and the transmissive electrode; 

ii) a second substrate including a conomon electrode that faces the 
transmissive electrode and the reflective electrode; and 

iii) a liquid crystal layer interposed between the first and second substrates. 

13. A liquid crystal display apparatus comprising: 

a first substrate including first and second switching devices, a transmissive 
electrode and a reflective electrode, the first switching device being electrically 
connected to a data line and a gate line, the second switching device being 
electrically connected to Ihe first switching device, the transmissive electrode and 
the reflective electrode being electrically connected to the first and second switching 
devices respectively or reverse; 

a second substrate including a common electrode that faces the fibrst and 
second electrodes; and 

a liquid crystal layer interposed between the first and second substrates. 

14. The liquid crystal display device of claim 13, wherein the first 
switching device-corresponds to a first NMOS transistor including a first- electrode - 
that is electrically coimected to the data line, a second electrode that is electrically 
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connected to the gate line, and a third electrode that is electrically connected to the 
transmissive electrode, and 

the second switching device corresponds to a second NMOS transistor 
including a fourth electrode that is electrically connected to the third electrode, a 
5 fifth electrode fliat is electrically connected to the gate line, and a sixth electrode that 
is electrically connected to the reflective electrode. 

15. The liquid crystal display device of claim 13, wherein a first voltage 
that is applied to the reflective electrode is lower than a second voltage that is 

10 applied to the transmissive electrode. 

16. A liquid crystal display device comprising: 

a first substrate including a switching device that is electrically connected to a 
data line and a gate line, a transmissive electrode that is electrically coimected to the 
15 switching device, a reflective electrode that is electrically connected to the switching 
device, and a metal wiring facing the reflective electrode with an insulation layer 
interposed between the metal wiring and the reflective electrode; 

a second substrate including a common electrode facing the transmissive 
electrode and the reflective electrode; and 
20 a liquid crystal layer that is interposed between the first and second 

substrates. 

17. The liquid crystal display apparatus of claim 16, wherein the gate line 
protmdes to form the metal wiring that faces the reflective electrode. 

25 

18. A liquid crystal display apparatus comprising: 

a first substrate including a pixel region having a switching device, a plurality 

43 



wo 2004/057411 




PCT/KR2003/002755 



of pixel electrodes electrically connected to flie switching device; 

a second substrate including a plurality of common electrodes, each of the 
conamon electrode corresponding to each of the pixel electrodes; and 

a liquid crystal layer that is interposed between the first and second 
substrates. 

19. The liquid crystal display apparatus of . claim 18, wherein the pixel 
electrodes comprise: 

a transmissive electrode that allows a first light provided from a backside of 
the first substrate to transmit the transn^ssive electrode; and 

a reflective electrode that reflects a second light provided from a front side of 
the second substrate. 

20. The liquid crystal display apparatus of claim 19, wherein the common 
electrodes comprise: 

a first common electrode that faces the transmissive electrode; and 
a second common electrode that is electrically insulated from the first 
common electrode, the second common electrode facing the reflective electrode. 

21. The liquid crystal display apparatus of claim 20, wherein a first 
voltage is applied to the first common electrode, and a second voltage that is lower 
than the first voltage is applied to the second common electrode. 

22. A method of driving a liquid crystal display apparatus, comprising: 
applying a gate voltage to a gate hne; 

oiitputting a data voltage that is provided from a data line in response to the 
gate voltage; 
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applying the data voltage to a transmissive electrode as a transmissive 
voltage; 

applying a reflective voltage generated from the data voltage to a reflective 
electrode, the reflective voltage being lower than the data voltage; and 

applying a reference voltage to a common electrode that faces the reflective 
electrode and the transmissive electrode. 

23. A method of driving a liquid crystal display apparatus, comprising: . 
applying a first gate voltage to a first gate line; 

outputting a fibrst data voltage that is provided from a data line in response to 
the first gate voltage; 

applying a transmissive voltage generated from the first data voltage to a 
transmissive electrode, the transmissive voltage being higher than the first data 
voltage; 

applying a reflective voltage generated from the first data voltage to a 
reflective electrode, the reflective voltage being lower than the first data voltage; 
and 

applying a reference voltage to a common electrode that faces the reflective 
electrode and the transmissive electrode. 

24. The method of claim 23, prior to applying the first voltage to the first 
gate line, fiufher comprising: 

applying a second gate voltage to a second gate line; 
outputting a ground voltage in response to the second gate voltage; 
applying the groimd voltage to the transmissive electrode; and 
applying a-voltage -that is 4ower than the ground voltage to tlie reflective 
electrode. 
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.25. The method of claim 24, wherein the second gate line naaintaiQS a 
second driving voltage until the first driving voltage is applied to the second gate 
line. 

26. The method of claim of 23, prior to applying the first voltage to the 
first gate line, further comprisiag: 

applying a second gate voltage to a second gate line; 
outputting a ground voltage in response to the second gate voltage; 
outputting a second data voltage provided firom the data line in response to 
the second gate voltage; 

applying the ground voltage to the transmissive electrode; and 
applying the second data voltage to the reflective electrode. 

27. The method of claim of 26, wherein a phase of the second data voltage 
is in reverse with a phase of the first data voltage. 

28. The method of claim of 23, further comprising: 
applying a second gate voltage to the second gate line; 

outputting a second data voltage provided firom the data line in response to 

the second gate voltage; 

applying the second data voltage to the transmissive electrode; and 

applying a lowered data voltage that is lowered firom the second data voltage 

to the reflective electrode, before applying a first gate voltage to a first gate line. 

29: The method-of claim of 28, wherein the second data voltage has- a 
same phase as the first data voltage. 
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FIG. 7 
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faces the reflective electrode (950) in the second region (A2) with an insulation layer interposed therebetween. Thus, both of a 
reflectivity of the reflective electrode (950) and a transmissivity of the transmissive electrode (940) are enhanced simultaneously, 
while the liquid crystal display apparatus maintains a uniform cell gap. 
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